mixture of CENP-A-containing nucleosomes and their counterparts containing conventional histone H3 -is assembled behind the replication fork. No nascent CENP-A is present in S-phase [6] , so 'old' CENP-A nucleosomes must be reassembled behind the fork in a manner that leaves space for nascent CENP-A assembly later in the cell cycle. Are there gaps without nucleosomes on the replicated DNA left for future nascent CENP-A nucleosome assembly? Are there instead 'placeholder' nucleosomes assembled at S-phase that would subsequently require eviction later in the cell cycle to make room for nascent CENP-A assembly?
The second challenge we cover, addressed in a study by Nechemia-Arbely et al. [7] , is to manage CENP-A nucleosomes that have been sloppily assembled at low levels throughout noncentromeric chromatin. Sparse CENP-A nucleosomes in chromosomes do not nucleate kinetochores but should be minimized (or rectified) lest a high enough local density generates functional, selfpropagating centromeric chromatin. Such a scenario would lead to a chromosome with two centromeres, a deleterious structure termed a dicentric chromosome. What mechanisms are in place to selectively remove these nucleosomes while maintaining the pool of CENP-A nucleosomes at the centromere?
The third challenge we cover, addressed in a study by Zasadzi nska et al. [8] (note that one of us, B.E.B., is a coauthor), directly regards the reassembly at functional centromeres of CENP-A nucleosomes themselves behind the DNA replication fork. Nucleosomes, including those containing CENP-A, must be disassembled to allow progression of the replication fork and are reassembled behind it. If CENP-A nucleosomes are not faithfully retained at the centromere at S-phase, then centromere identity will be lost. What chromatin assembly factors reassemble CENP-A nucleosomes behind the replication fork?
For the first challenge, addressed in the paper from Shukla et al. [5] , the authors test two previously proposed models [9] [10] [11] , the placeholder and the gap-filling model, each of which makes distinct predictions about the centromeric levels of the histones CENP-A, H3, and H4. Namely, the gap-filling model predicts a drop in CENP-A and H4 levels without an increase in H3 while the placeholder model predicts an increase in H3 as CENP-A levels drop and H4 remains constant. Previous work with human chromatin fibers [10] -and the unlikelihood that spans of naked DNA would persist for several hours between DNA replication and nascent CENP-A nucleosome assembly -suggested the placeholder model. An advantage of the fission yeast system used by Shukla et al. is that the unique sequence of centromeric DNA on one of the fission yeast chromosomes allowed the authors to examine nucleosome occupancy of specific DNA sequences by chromatin immunoprecipitation and highthroughput sequencing (ChIP-seq) of the three histones [5] . Their results support the model where H3 nucleosomes act as a placeholder for CENP-A at the centromere during S-phase but are later evicted, potentially through the action of RNA polymerase II (Figure 1 ).
The authors also investigated what is driving the cell cycle dynamics of H3 nucleosomes; that is, deposition in S-phase and eviction at G2. The authors distinguished between two potential mechanisms: one involving existing CENP-A nucleosomes and the chromatin assembly factors recruited to them, and the other involving centromeric DNA sequence itself. To do this, they employed cells in which the unique centromeric DNA of one centromere was moved to an ectopic locus devoid of CENP-A and replaced with a centromeric DNA sequence from another chromosome. Their results, which point to the latter potential mechanism, indicate that centromeric DNA drives higher rates of canonical nucleosome turnover that is independent of the presence of centromeric chromatin and, thus, centromere function. The authors conclude that, while centromeric DNA sequences are not required for centromere identity, they may nonetheless be playing a specific role in facilitating placeholding and subsequent eviction to allow for nascent CENP-A chromatin assembly. What it leaves unanswered is why CENP-A dynamics differ from those of H3. Is it due to an intrinsic property of CENP-A nucleosomes themselves, conferred by CENP-A binding proteins (i.e. the constitutive centromere associated network [CCAN] of proteins), or both?
For the second challenge, in the paper from Nechemia-Arbely et al., the authors address an issue that is nearly the opposite as the one addressed in Shukla et al.: instead of investigating how canonical nucleosomes are evicted to give way to nascent CENP-A assembly, the issue here is how to evict nascent CENP-A that was installed at the incorrect genomic location [7] . More broadly, how is accumulation of CENP-A nucleosomes limited at chromosome locations outside the centromere? Using CENP-A ChIP-seq in human cell lines, they find that while centromeric CENP-A is retained during S-phase, CENP-A assembled onto noncentromeric chromatin in early G1 is removed concomitant with replication fork progression, as monitored by incorporation of a thymidine analog (Figure 1) . The implication is that the act of DNA replication serves to correct errors, preventing the accumulation of CENP-A that could otherwise nucleate a kinetochore during mitosis. So how is centromeric CENP-A retained during this same process? They propose that, during DNA replication, CENP-A remains associated with the network of centromeric proteins that interact with CENP-A nucleosomes throughout the rest of the cell cycle. Defining precisely how this association continues even as CENP-A nucleosomes are disassembled is a worthy challenge that emerges from the study for future investigation. For example, which interactions with the CCAN are maintained or broken/reformed at the centromere?
For the third challenge, in the paper from Zasadzi nska et al., the authors delve deeply into how CENP-A nucleosomes are retained at the centromere during DNA replication [8] . To address this question, they use proximity-based labeling to identify proteins transiently associated with CENP-A during DNA replication in a human cell line. Unexpectedly, they find that the CENP-A chaperone, HJURP, required for the deposition of newly expressed CENP-A into chromatin [12, 13] , is also associated with CENP-A during DNA replication (Figure 1) . Although HJURP has not been detected at the centromere during S-phase using standard immunofluorescence, the authors detected HJURP at S-phase centromeres using ChIP, as well as by immunofluorescence in cells where proteasomal degradation was inhibited. Furthermore, depletion of HJURP during DNA replication leads to loss of CENP-A retention. Given that HJURP binds a CENP-A/H4 heterodimer [14, 15] , it seems likely that sub-nucleosomal (CENP-A/H4) 2 heterotetramers are separated into heterodimer intermediates during DNA replication. This system would seem tuned to locally retain CENP-A nucleosomes on the replicating centromere, and in a manner that would distribute them equally to the daughter strands, as is known to occur in human cell lines [16] . Experiments are now warranted to understand how this works so faithfully in most cell types and how it may be overridden in specific biological situations (e.g. stem cells in the germline of the fruit fly [17] ).
To summarize, among the intriguing concepts emerging from these studies are that centromeric DNA plays a specific role in shaping centromere identity, that the process of DNA replication itself serves as an error correction mechanism, and that the histone chaperone responsible for the initial deposition of new CENP-A is also required for its retention during DNA replication. The research highlighted here focused on cells that undergo stereotypical cell divisions. Stem cells yielding asymmetric daughter cells, germ cells undergoing meiotic divisions (and featuring major deviations in cell cycle timing and/or
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chromatin composition), and many other cases in biology that diverge from 'generic' divisions will undoubtedly represent new frontiers to test when these processes are retained and when they are modified or bypassed, all with the overarching goal to achieve faithful chromosome inheritance.
